Serum SS-A/Ro autoantibodies are commonly found in patients with Sjogren's syndrome, systemic lupus erythematosus, neonatal lupus, and subacute cutaneous lupus. Two proteins of 60 and 52 kD have been described as targets for these autoantibodies. To define the 52-kD component unambiguously, cDNA clones were isolated from buman HepG2 and MOLT4 cell cDNA libraries. The identity of cDNA was established by (a) the specificity of the antibody affinity purified from the recombinant protein, (b) the reactivity of the purified recombinant protein with prototype SS-A/Ro sera in immunoblot and ELISA, and (c) two-dimensional gel comigration of MOLT-4 cell 52-kD protein and the recombinant protein. A 1.9-kb cDNA encoded the complete 52-kD protein containing 475 amino acids (M, 54,082). Putative zinc-finger domains and a leucine zipper motif were identified in the amino-terminal half of the 52-kD protein, implicating its possible association with DNA/RNA. Sequence homology detected between the 52-kD protein and human ret transforming protein, and mouse T cell gene expression down-regulatory protein rpt-1, may provide leads to the functional role of the 52-kD protein in addition to the possibility that these proteins might constitute members of a subfamily of finger proteins. (J. Clin. Invest. 1991. 87:68-76.)
Introduction
The molecular characteristics of SS-A/Ro' antigens are of special clinical interest because of the relatively high frequency of Preliminary reports in abstract form were presented at the First International Workshop on the Molecular and Cell Biology ofAutoantibodies and Autoimmunity, Heidelberg, Germany, 27-29 July 1989 , and at isopropyl-,B-thiogalactopyranoside; PBS-T, phosphate buffered saline with 0.05% Tween-20; SS-A/Ro, nuclear antigen A of Sjogren's Syndrome; SS-B/La, nuclear antigen B of Sjogren's syndrome.
the SS-A/Ro autoantibody in patients with several rheumatic diseases including systemic lupus erythematosus, Sjogren's syndrome, neonatal lupus syndrome with congenital heart block, and subacute cutaneous lupus (for current reviews, see references 1-3). Various molecular species ranging from 50 to 150 kD have been described for the antigenic component(s) of SS-A/Ro (summarized in reference 4). In 1984 Wolin and Steitz (5) showed that autoantibodies to SS-A/Ro immunoprecipitated small ribonucleoprotein particles composed of hYRNAs and a 60-kD protein component. The 60-kD protein was defined as the major autoimmune target because SS-A/Ro autoimmune sera did not recognize hY-RNAs alone. Recent work ofBoire and Craft (6) reported a subpopulation ofautoantibodies recognizing an antigenic epitope restricted to the intact ribonucleoprotein particle composed of hY5 RNA and the 60-kD SS-A/Ro protein. Besides the 60-kD protein, Ben-Chetrit et al. (4) found that most SS-A/Ro-positive sera as defined by immunoprecipitation in Ouchterlony double diffusion assay also recognized another protein of 52 kD. It was not clear whether the 52-kD protein interacted with hY-RNAs directly or via the association with the 60-kD protein that was known to have in vitro RNA-binding activity (5, 7) . Indirect immunofluorescence using these specific anti-52-kD reagents gave nuclear punctate staining similar to those observed for antibodies specific to the 60-kD SS-A/Ro component (4) . It was also shown by antibody affinity purification that patient sera contained distinct, noncross-reacting antibodies directed to the 60-and 52-kD components (4) . Autoantibodies to the 52-kD component were in fact very common in SS-A/Ro autoimmune sera analyzed (> 80%) and the reason the 52-kD component had not been detected earlier was probably a result of coexisting autoantibodies to SS-B/La and to the incomplete separation of the 47-kD SS-B/La antigen from the 52-kD component in the usual gel separation system (8) . These two SS-A/Ro components were found in all human cell lines tested including HeLa, MOLT-4, Raji, and Wil-2 (4). Rader et al. (9) also described two human SS-A/Ro species of 60 and 52 kD from lymphocytes and, in addition, two red cell-specific SS-A/Ro components of60 and 54 kD that were immunologically related to the lymphocyte 60-and 52-kD species, respectively. To define the 52-kD component of SS-A/Ro protein unambiguously, we have cloned the full-length cDNA encoding the 52-kD protein. This report describes the isolation and characterization of cDNA clones using a human autoimmune serum with specific autoantibody to the 52-kD SS-A/Ro protein and the special features ofthe deduced polypeptide that might provide insights into the functional role of the protein.
Methods
Cell extracts. MOLT-4 cells (human T cell lymphoblastic leukemia, at 370C in an 8% CO2 incubator. Cultures were supplementedwith 2.5 Ag/ml gentamicin sulfate and maintained at 106 cells per ml. Cells were harvested and extracted in buffer A (150 mM NaCl, 10 mM Tris-HCl, pH 7.2,0.5% Nonidet P-40) and freed ofcell nuclei by centrifugation at 12,000 g for 15 min.
Immunoblotting. For high-resolution separation of the 60-kD, 52-kD, and 47-kD SS-A/Ro-SS-B/La proteins, cell extracts were separated by PAGE as described by Laemmli (10) using 15% gel slabs (20 X 13 X 0.1 cm) and the ratio of acrylamide:bis-acrylamide was changed to 172.4:1 in the separating gel (8) . It was shown recently that the standard gel composition used by many laboratories was not optimal for the separation of the 52-kD SS-A/Ro and 47-kD SS-B/La proteins (8) . Proteins were transferred from gel onto nitrocellulose using a constant voltage of 60 V for 2 h (11). The nitrocellulose sheet was air-dried, cut into strips, and incubated for 30 min in 3% nonfat milk diluted in PBS to block nonspecific binding sites. The nitrocellulose strips were incubated with 1 ml of a 1: 100 dilution of sera for I h and then washed in PBS with 0.05% Tween 20 (PBS-T The MOLT-4 library was screened for fulllength SS-A/Ro cDNA clones by DNA hybridization. Two partially complementary synthetic oligonucleotides (5'-TGTGCAGTGCAT-GGAGAGAGACTTCACCTG-3' and 5'-TCTTTCTCACAGAAC-AGGTGAAGTCTCTCT-3') were designed based on the 5' sequence of pCl cDNA insert. They were mixed and labeled with [a32P]-ATP using the standard fill-in reaction of Klenow polymerase (12) . All screenings were carried out with duplicate filters and positive phages were plaque purified. The resulting cDNAs were subcloned into pBluescript vectors (Stratagene) for further analysis.
Cloningofrfpprotein. Two partially complementary synthetic oligonucleotides (5'-TGGCCTCCGGGAGTGTGGCCGAGTGCC-3' and 5'-GGTGGTCTCCTGCTGCAGGCACTCGGCC-3') were designed based on the 5' sequence of the rfp cDNA reported (13) . They were mixed and labeled with [a32P]-ATP using the standard fill-in reaction of Klenow polymerase (12) and used to screen 106 recombinant from the MOLT-4 cell cDNA library as described above. Two initial positives were detected and one of these, 2rl, was purified and the cDNA insert subcloned to pBluescript SK plasmid for further analysis. A rabbit anti-rfp reference serum was kindly provided by Dr. M. Takahashi ELISA format (Fig. 2 A) . Even with the highest dilution of 1:64,000 for coating microtiter wells, an OD410 reading of2 was obtained 1 h after the addition of detecting reagents. Fig. 2 B illustrates the specificity ofthe ELISA when a 1:30,000 dilution of the purified recombinant antigen was used for the detection of SS-A/Ro antibodies. Recombinant 60-kD SS-A/Ro and SS-B/La proteins derived from cDNA clones previously reported (17, 26) were purified similarly and are included in this figure for comparison. High OD readings for the 52-kD SS-A/Ro recombinant protein were only seen in sera with detectable antibodies by immunoblotting. Our data indicated that in most anti-SS-A/Ro sera tested, the reactivities as determined by ELISA were higher for the 52-kD than the 60-kD recombinant antigens. Besides the negative controls shown in Fig. 2 B, 20 normal human sera and standard prototype autoimmune sera were also negative including antibodies to PCNA, Sm, U 1-RNP, ribosomal RNP, Jo-1, Scl-70, SL/Ki, and Ku specificities (data not shown).
The immunological data above suggested that pCl encoded at least one immunoreactive region ofthe 52-kD SS-A/Ro protein and the next step was to determine if the cDNA insert of pCl encoded the entire 52-kD protein. Plasmid pCl was digested with EcoRI restriction enzyme and a cDNA insert of 1.5 kb was detected after electrophoresis in a standard agarose gel.
Northern blot analysis ofthe mRNA from MOLT-4 and HeLa cells using radiolabeled 1.5-kb fragment showed that there was a single band of -1.9 kb. This indicated that pCl probably contained only a fraction ofthe complete cDNA for the 52-kD SS-A/Ro protein. To obtain a full-length cDNA, 106 recombinant phages from the MOLT-4 cell cDNA library were screened with a radiolabeled DNA probe corresponding to the 5' sequence of pCI cDNA insert. Of the two clones selected, clone 52FL had the longest insert of -1.9 kb and was subcloned into pBluescript plasmid p52FL for further analysis.
To determine if p52FL cDNA insert encoded the complete 52-kD protein, comparison was made between the in vitro transcription and translation products ofp52FL and the 52-kD SS-A/Ro protein from MOLT-4 cells. Preliminary data showed that they comigrated in standard one-dimensional gel SDS-PAGE, and therefore two dimensional gels were used for more discriminating analysis (Fig. 3) . In vitro [S35J-methionine labeled translation products of p52FL RNA gave a major spot (arrow) and several minor spots that were observed only in an overexposed autoradiogram (Fig. 3 A) . Immunoprecipitation of these translation products with human SS-A/Ro sera showed that the major 52-kD product was 47 kD and several isoforms of the 60-kD SS-A/Ro proteins (Fig. 3 B) . On the other hand, the 52-kD SS-A/Ro protein was restricted to a major spot with an estimated pI 6.5 ( Fig. 3 B,  arrowhead) . The colocalization of the p52FL encoded protein and the 52-kD SS-A/Ro protein was determined unambiguously by running both samples in the same gel (Fig. 3, C and  D) . These independent results provided further confirmation that p52FL cDNA encoded the entire 52-kD protein of SS-A/Ro. Southern analysis. Human genomic DNA samples from HeLa cells and normal peripheral blood were digested with EcoRI or HindIII restriction enzyme to completion. Either restriction site was not found in the complete 52FL sequence. Results of the genomic blot probed with Cl cDNA insert showed a major band of 5 kb and a minor band of 8 kb (HindII) and = 20 kb (EcoRI) (Fig. 4) . These data indicated that there was probably only one and at most two genes for the 52-kD SS-A/Ro protein in the human genome.
Sequence analysis. The nucleotide sequences of the cDNA inserts of Cl and 52FL were determined by sequencing both DNA strands as outlined in Fig. 5 . Clone Cl represented the 3' 80% of clone 52FL and there was no difference detected between Cl and 52FL clones in the corresponding regions. The DNA sequence of 52FL and the deduced amino acid sequence are shown in Fig. 6 . There is only one large open reading frame composed of 475 amino acids corresponding to a calculated molecular mass of54,082. The sequence flanking the first ATG codon is in close agreement with the eukaryotic translation initiation consensus sequence (27) . In the 5' noncoding region, there are three stop codons that are in-frame with the ATG start codon (Fig. 6) . Two polyadenylation signal sequences are found at the end of the 3' noncoding sequence. The consensus sequence for nuclear localization signal has not been detected.
Special features of the 52-kD SS-A/Ro protein are summarized in Fig. 7 . The interesting features are the amino-terminal zinc finger domains, a central domain with a leucine zipper motif, and a carboxy-terminal domain that is highly similar to human protein rpi. Fig. 8 shows the putative zinc-finger structures in the 52-kD protein. The arrangement of the Cys residues for the chelation of metal such as zinc has been found in many DNA/RNA-binding proteins (28, 29) and these zinc finger structures are generally thought to be responsible for the interaction with either DNA or RNA. The proposed finger structures in Fig. 8 are atypical as compared to most known finger protein sequences (28, 29) . There is no published data at the present to indicate whether the SS-A/Ro protein binds zinc or other metal ions. However, a single zinc finger motifhas also been described in the 60-kD SS-A/Ro protein (7, 17) . A leucine zipper motif (residues 211-232) was detected in the center domain of the 52-kD protein. Leucine zippers were originally described in DNA-binding proteins (30) and now these motifs are known to participate in protein-protein interaction or dimer formation that is important for DNA-binding (31) (32) (33) (22) . Three proteins were identified with high degree of homology to the 52-kD protein and they were the mouse rpt-1 protein (34) , human ret transforming protein (35) , and its related protein rfp ( 13) . Fig. 9 A shows the alignments among the three protein sequences. Note that the least number ofgaps has been introduced to optimize the alignment. There is over 30% identity and 50-60% similarity in sequences at the corresponding amino-terminal halves of these proteins. The cysteine residues of the zinc finger motifs are conserved among all three sequences. The 52-kD protein is more similar to either rfp or rpt-1 than rfp is to rpt-1 (Fig. 9 A) . The data suggest that these three protein domains might be related as a subfamily of finger proteins. In addition, the carboxy-terminal halves ofthe 52-kD SS-A/Ro and rfp proteins are highly similar with > 50% of identity and 65% similarity (Fig. 9 B) . rfp cDNA isolation and analysisfor antigenic reactivity. Because up to 50% identity in amino acid residues was found between the carboxy-terminal halves of the 52-kD SS-A/Ro and rfp proteins, it was of interest to determine whether (a) anti-52-kD SS-A/Ro autoantibodies could recognize rfp protein, and (b) rfp might be a member of SS-A/Ro proteins. A cDNA clone 2rl was isolated from the same MOLT-4 library and restriction enzyme analysis confirmed its identity to the published rfp cDNA clone (13) . This was supported by DNA sequencing data which showed that 2rl was an authentic rfp protein cDNA with 104 extra nucleotides at the 5' end as compared to the original clone described by Takahashi et al. (13 None of the 10 different human anti-SS-A/Ro sera recognized this 58-kD protein in a standard immunoprecipitation assay.
In immunoblotting, the rabbit antiserum to recombinant rfp protein recognized a 58-kD MOLT-4 cell protein that was distinct from the 52-kD and 60-kD SS-A/Ro proteins. These data indicated that, although there are significant sequence similarities between the 52-kD SS-A/Ro and rfp proteins, no immunological cross-reaction could be observed between these proteins using autoantibodies. It also reconfirms the general observation that human autoantibodies are highly specific for their antigenic targets and are generally noncross-reactive with related proteins (1) .
Discussion
A cDNA encoding the complete 52-kD SS-A/Ro protein described by Ben-Chetrit et al. (4) was cloned from a human T-cell (MOLT-4) cDNA library. A partial clone was also obtained from a human liver (HepG2) cDNA library and there was no difference detected between their overlapping regions. The nucleotide and deduced amino acid sequences for the 52-kD protein showed no homology with the corresponding sequences for the related 60-kD SS-A/Ro (7, 17) and 47-kD SS-B/La antigens (26) . DNA hybridization experiments using the cDNAs from all three antigens above also showed no cross-hybridization (data not shown). Human SS-A/Ro autoantibodies recognized epitope(s) expressed on the recombinant proteins derived from the initial XZap phage and the subcloned pBluescript plasmid. The partially purified recombinant protein was a specific substrate for the sensitive detection of anti-SS-A/Ro antibodies in an ELISA format. In addition, in vitro translation product derived from cDNA clone could be immunoprecipitated by anti-SS-A/Ro sera and was found to comigrate with the cellular 52-kD protein as determined by immunoblotting and two-dimensional gel electrophoresis. Because data from mRNA blotting indicated that there was only one band of 1.9 kb in MOLT-4 cells, the 1.9-kb cDNA insert of p52FL
probably represented the full-length mRNA. (34) (40) . Later, it was found that the ret gene was a fusion between two unlinked segments of human DNA encoding for an amino-terminal finger domain and a carboxy-terminal tyrosine kinase domain, respectively (35) . This kinase domain was preceded by a hydrophobic transmembrane sequence and thus the ret protein was thought to be a cell surface receptor (35) . A cellular homologue corresponding to the amino-terminal halfof ret was cloned and named rfp (retfinger protein) and we show that the latter has a high degree ofhomology with the 52-kD SS-A/Ro protein (Fig.  9) . A nuclear localization signal sequence was found in the rfp sequence, suggesting that it might be a nuclear protein. Its mRNA level was 20 times higher in testis than in liver and kidney and this observation led to a proposed functional role in male germ cell development (13) . It was also noted that the mRNA level was highest in 11.5-d mouse embryos as compared to other stages ( 13) . The fact that rfp is part of a transforming gene ret raises the question whether the 52-kD protein might have similar transforming potential. The second protein that the 52-kD SS-A/Ro protein was found to share similarity with was rpt-l (for regulatory protein of T-lymphocyte [l] ).
Rpt-l was first described by Patarca et Because the report of Ben-Chetrit et al. (4) showing that SS-A/Ro autoantibody targets consisted ofat least two components of 52 and 60 kD, the results of many studies based on the assumption that the 60-kD protein was the only SS-A/Ro autoantigen would have to be reevaluated. Buyon et al. (41) recently showed that in neonatal lupus syndrome with congenital heart block, all 20 mothers ofpermanently affected infants had antibodies to either SS-A/Ro or SS-B/La antigens. The predominant antibody response was to the 52-kD SS-A/Ro antigen (41) . In another report by Ben-Chetrit et al. (42) , it was shown that although most SS-A/Ro-positive autoimmune sera had reactivity to both the 52-and 60-kD antigens in immunoblotting, antibody to the 52-kD antigen without concomitant antibody to the 60-kD antigen was seen only in patients with primary Sjogren's syndrome whereas antibody to the 60-kD antigen without concomitant antibody to the 52-kD antigen was seen only in patients with systemic lupus erythematosus (42) . The latter observation that there was a dissociation of immune responses to the two SS-A/Ro components might suggest different events stimulating the autoimmune process in these diseases. The current report on the sequence and molecular characteristics of the 52-kD protein establishes its identity and might be useful in elucidating its function and that ofthe multicomponent SS-A/Ro complex. Such information could contribute to understanding some features of this autoimmune reaction.
